J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 321 662 

A2 



EUROPEAN PATENT APPLICATION 



(£) Application number: 88116294.5 
© Date of filing: 01.10.88 



© Int. CI.-: G01L 3/10 



® Priority: 28.12.87 JP 334861/87 


© 


Applicant: KUBOTA, LTD 


28.12.87 JP 334862/87 




2-47, Shikitsuhigashi 1-chome Naniwa-ku 


28.12.87 JP 334863/87 




Osakashi Osaka 556(JP) 


22.12.87 JP 334864/87 


r- — -V 

© 






Inventor: Takada, Shiro Hirakata Plant of 


@ Date of publication of application: 




Kubota, Ltd. 


28.06.89 Bulletin 89/26 




1-1, Nakamiya Oike 1-Chome 


(ay Designated Contracting States: 




Hirakata-Shi Osaka(JP) 




Inventor: Kimura, Hitoshi Kyuhoji Plant of 


DE ES FR GB IT SE 




Kubota, Ltd. 






2-35, Jinmu-Cho 






Yao-Shi Osaka(JP) 






Inventor: Ishino, Renshiro Hirakata Plant of 






Kubota, Ltd. 






1-1, Nakamiya Oike 1-Chome 






Hirakata-Shi Osaka(JP) 






Inventor: Yoshimura, Shigeo Hirakata Plant of 






Kubota, Ltd. 






1-1, Nakamiya Oike 1-Chome 






Hirakata-Shi Osaka(JP) 




0 


Representative: Meyer, Ludgerus 






Patentanwalte Meyer, Stach, Vonnemann 






Jungfernstieg 38 






D-2000 Hamburg 36(DE) 



© Torque measuring device. 



< 

CM 

CO 



CO 



© A device for measuring torque in a shaft without 
contacting the latter. A torque transmitting shaft is 
formed with at least one detecting magnetically an- 
isotropic region inclined to form an angle with re- 
spect to the axis of rotation of this shaft. A detecting 
coil is disposed on the periphery of the detecting 
magnetically anisotropic region. When the detecting 
voltage for the detecting coil changes owing to tem- 
perature changes and time-dependent changes, the 
changes in the detection sensitivity and in the zero 
point take place, leading to errors during torque 
measurement. Correct measured values can be ob- 
tained by having a device for correcting such 
changes in sensitivity and zero point. 
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TORQUE MEASURING DEVICE 



FIELD OF THE INVENTION 

The present invention relates to a torque mea- 
suring de/ice and particularly to a torque measur- 
ing device capable of non-contact measurement of 
torque <n the shafts of engines, motors, industrial 
machines and the like. 

BACKGROUND OF THE INVENTION 

This type of torque measuring device is dis- 
closed m' Japanese Patent No. 169326. In this 
device- a shaft having soft magnetic and mag- 
netostnctive properties is formed on its outer pe- 
ncnery with a pair of knurled regions inclined in 
ooposae directions to form angles of 45 degrees 
with respect to the axis of rotation of the shaft, 
each kr.ur'ed region having an exciting coil and a 
detecting coil wound along the outer periphery 
thereof. 

According to such arrangement, the knurled 
regions provide magnetic anisotropy. and a change 
;n oermeabiiity occurring in each knurled region 
according to transmission torque is detected by the 
detecting eoiL At this time, when a compressive 
force acts on one of the knurled regionds in the 
knurling direction, a tensile force acts on the other 
knuriec region since the knurled regions are in- 
clined in opposite directions. As a result, the detec- 
tion /c:tage on one of the detecting coils increases 
v/ith increasing torque while the detection voltage 
on the ether detecting coil decreases, if the detec- 
tion /c:tages on these detecting coils are differen- 
tiated, a torque detection voltage indicating a 
change ;n torque can be obtained. 

Another conventional torque detecting device is 
disclosed in Japanese Patent Application Laid- 
Open Specification No. 59-166827. In this device, 
•nsteac of forming the knurled regions shown in 
aforesaid Japanese Patent No. 169326, amorphous 
soft magnetic layers inclined in opposite directions 
are formed on the surface of a rotary shaft by 
bonding, plating or the like. According to such 
arrangement, measurement of torque is possible 
a-so concerning a shaft having no magnetostrictive 
property. 

With these conventional arrangements, how- 
ever, the balance of detection voltages outputted 
from the two detecting coils with no transmission 
torque being imposed tends to change owing to 
temperature changes and timedependent changes. 
This is due to changes in magnetic properties 
(permeability and magnetostriction factor) of the 



material of the shaft and changes in iron loss 
caused by magnetic lines passing through the shaft 
surface and variations in the quality of exciting 
coils, detecting coils and .magnetic layers on the 
5 shaft according to material and manufacture. As a 
result, the sensitivity, the zero point (output value 
when the torque is zero) and the like changes, 
causing error in measured torque values. 

10 

DISCLOSURE OF THE INVENTION 

With the above in mind, an object of the inven- 
tion is to prevent error from being produced in 
15 measured torque values owing to changes in the 
balance, zero point and sensitivity. 

To achieve this object, a first aspect of the 
invention is directed to an arrangement comprising: 
torque detecting means having first and second 
20 torque detecting magnetically anisotropic regions 
formed on the outer peripheral surface of a torque 
transmitting shaft and provided with magnetic an- 
isotropy such that the regions are inclined in op- 
posite directions to form angles with respect to the 
25 axis of rotation of said shaft, and first and second 
detecting coils capable of detecting changes in 
permeability in the torque detecting magnetically 
anisotropic regions, correcting means having first 
and second correcting magnetically anisotropic re- 
30 gions, with magnetic anisotropy imparted thereto in 
a direction parallel with the axis of rotation of said 
shaft, formed on the outer peripheral surface of 
said shaft in the vicinity of said first and second 
torque detecting magnetically anisotropic regions. 
35 and first and second correcting coils capable of 
detecting changes in permeability in the correcting 
magnetically anisotropic regions. 

According to such arrangement, the correcting 
magnetically anisotropic regions have magnetic an- 
40 isotropy imparted thereto in a direction parallel with 
the axis of rotation of the shaft, and the outputs 
from the correcting coils are hardly influenced by 
the torque in the shaft; thus, only those outputs 
which are related to permeability and magnetostric- 
45 tion factor can be delivered. Since such correcting 
magnetically anisotropic regions and correcting 
coils are installed in the vicinity of the torque 
detecting magnetically anisotropic regions and de- 
tecting coils, respectively, different errors can be 
50 separated from the torque detection data and then 
corrected. 

A second aspect of the invention is directed to 
an arrangement comprising: 

torque detecting means having first and second 
torque detecting magnetically anisotropic regions 
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formed on the outer peripheral surface of a torque 
transmitting shaft and provided with magnetic an- 
isotropy such that the regions are inciined in op- 
posite directions to form angles with respect to the 
axis of rotation of said shaft, and first and second 5 
detecting coils capable of detecting changes in 
permeability in the torque detecting magnetically 
anisotropic regions, and 

correcting means having a correcting shaft sepa- 
rate from said torque transmitting shaft and free w 
from load, and first and second correcting coils, 
installed around the correcting shaft, 
wherein said correcting means having substantially 
the same magnetic properties as said torque de- 
tecting means and installed in the vicinity of said /5 
torque detecting means. 

According to such arrangment, the correcting 
shaft is never loaded since it is separated from the 
torque transmitting shaft. Therefore, by detecting 
the outputs from the two correcting coils and con- 20 
trolling an exciting AC source so as to make their 
detection voltage constant, the various errors oc- 
curring at the time of torque detection and caused 
by temperature changes and time-dependent 
changes can be corrected while being hardly influ- 25 
enced by torque signal. 

A third aspect of the invention is directed to an 
arrangement comprising: 

first and second magnetically anisotropic regions 
formed on the outer peripheral surface of a torque 30 
transmitting shaft and provided with magnetic an- 
isotropy such that the regions are inclined in op- 
posite directions to form angles with respect to the 
axis of rotation of said shaft, 

first and second detecting coils capable of detect- 35 
ing changes in permeability in said magnetically 
anisotropic regions, and 

control means ensuring that the detection signal 
values from the two detecting coils when no torque 
acts on said shaft are equal to each other. 40 

According to such arrangement, the shifting of 
the balance between the two detecting sections 
due to temperature changes and time-dependent 
changes can be eliminated by the control means 
without being influenced by torque acting on the 45 
shaft, and production of error due to said shifting 
can be prevented. 

A fourth aspect of the invention is directed to 
an arrangement comprising: 

a torque detecting magnetically anisotropic region 50 
provided with magnetic anisotropy such that the 
region is inclined to form an angle with respect to 
the axis of rotation of a torque transmitting shaft, 
a correcting magnetically anisotropic region formed 
on the outer peripheral surface of the shaft in the 55 
vicinity of the torque detecting magnetically an- 
isotropic region and provided with magnetic an- 
isotropy in a direction parallel with the axis of 




rotation of the shaft, 

a detecting coil and a correcting coil installed along 
said torque detecting magnetically anisotropic re- 
gion and said correcting magnetically anisotropic 
region, respectively, and 

means for correcting the exciting voltage applied 
for said correcting coil to ensure that the measure 
data provided by said correcting coil is equal to a 
certain reference value and for controlling the excit- 
ing voltage applied for said detecting coil cor- 
respondingly to the control of said exciting voltage 
for the correcting coil. 

According to such arrangement, since the ex- 
citing voltage for the correcting coil is controlled so 
that the measured data is equal to a certain refer- 
ence value and since the exciting voltage for the 
detecting coil is controlled in conjunction therewith, 
the detection sensitivity is kept at a constant level. 
As a result, the gradient of the detection voltage 
and the output level under constant torque load are 
kept constant; thus, the torque detecting sensitivity 
is prevented from changing. In this case, since the 
correcting magnetically anisotropic region is - . 
formed to extend parallel with the axis of the shaft, 
the output from the correcting coil is not influenced 
by the torque acting on the shaft. - Therefore, the . 
measured data provided by the correcting coil is 
controlled to a constant value irrespective of the 4 
presence and amount of the torque load on the „ < 

shaft and time-dependent changes vand tempera- * ■ % 
ture changes in the magnetic properties of the 
shaft; thus, the detecting coil sensitivity .is main- 
tained at a constant level. 

BRIEF DESCRIPTION OF THE DRAWINGS . 

Fig. 1 is a schematic view of a torque mea- 
suring device according to a first embodiment of 
the invention; 

Fig. 2 is a block diagram showing the torque 
measuring device of Fig. 1 together with an elec- 
tronic circuit for torque measurement; 

Fig. 3 is a graph showing detected voltages 
from detecting coils when there is no error; 

Fig. 4 is a graph showing a torque signal 
based on Fig. 3; 

Fig. 5 is a graph showing detected voltages 
when the balance between the torque detecting 
regions is upset; 

Fig. 6 is a graph showing a torque signal 
based on Fig. 5; 

Fig. 7 is a graph showing detected voltages 
obtained with a predetermined sensitivity; 

Fig. 8 is a graph showing detected voltages 
when the sensitivity changes; 

Fig. 9 is an operation timing chart for the 
circuit shown in Fig. 2; 
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Fig. 10 is a diagram showing the arrange- 
ment of a torque measuring device according to a 
second embodiment of the invention; 

Fig. 1 1 is a view showing the principal por- 
tion of the shaft shown in Fig. 10 and periphery 
thereof: 

Fig. 12 is a view showing the arrangement of 
a toroue measuring device according to a modifica- 
tion of the second embodiment of the invention; 

Fig. 13 is a view showing the arrangement of 
a Tcrcue measuring device according to a third 
embodiment of the invention; 

Fig. 14 is a view showing the principal por- 
tion of the shaft shown in Fig. 13 and periphery 
thereof: 

Fig. 15 is a view showing a torque measur- 
ing device according to a fourth embodiment of the 

invention: 

Fig.. 16 is a view showing the principal por- 
tion of the shaft shown in Fig. 15 and periphery 

thereof: 

Fig. 17 is a graph showing, by way of exam- 
pie, detected voltages obtained by the device 
shown In Fig. 15; and 

Fig. 13 is an operation timing chart for the 
device of Fig. 15. 

DESCRIPTION OF THE EMBODIMENTS 



FIRST EMBODIMENT 

in Fig. 1. the numeral 11 denotes a torque 
transmitting the output of an engine to a working 
apparatus. The outer peripheral surface of the shaft 
1 1 :s formed with torque transmitting magnetically 
an.sctropic regions 12 and 13 provided with mag- 
netic anisotropy such that it is inclined in opposite 
directions to form angles of 20-60 degrees, prefer- 
ably 45 degrees with respect to the axis of rotation 
of the shaft 1 1 , and axially spaced a predetermined 
distance from each other. These detecting mag- 
netically anisotropic regions 12 and 13, as de- 
serted above, can be formed by knurling the outer 
penphera! surface of the shaft 11 or by forming 
amorphous ferromagnetic layers on the surface of 
the shaft 1 1 by bonding, plating or other method. 

At positions axially spaced from each other and 
across said torque detecting magnetically an- 
'sotropio regions 12 and 13, there are provided 
correcting magnetically anistropic regions 14 and 
15 formed on the outer peripheral surface of the 
shaft 1 ? in the vicinity of said torque detecting 
magnetically anisotropic regions 12 and 13. These 
correcting magnetically anisotropic regions 14 and 
15 are provided with magnetic anisotropy in a 
direction, parallel with the axis of rotation of the 



shaft 11 and are created by the axial magnetic 
anisotropy formation using the same process, such 
as knurling or amorphous layer formation, as in the 
torque detecting magnetically anisotropic regions 

5 12 and 13. 

Exciting coils 16, 17, 18 and 19 are positioned 
around the outer peripheries of the magnetically 
anisotropic regions 12, 13. 14 and 15. Disposed on 
the respective outer sides of the exciting coils 16, 

w 17, 10 and 19 are detecting coils 20 and 21 asso- 
ciated with the torque detecting magnetically an- 
isotropic regions 12 and 13 and correcting coils 22 
and 23 associated with the correcting magnetically 
anistropic regions 14 and 15. The numeral 24 de- 

15 notes a core made of a ferromagnetic material 
such as silicon steel sheet or ferrite and defining a 
passage for magnetic flux and also serving as a 
casing for accommodating the coils 16 through 23. 
Fig, 2 shows a torque measuring circuit. In this 

20 figure, the numeral 25 denotes an oscillator con- 
nected to a first AC power source 26 in the form of 
a power amplifier. Connected to the output terminal 
of the oscillator 25 in parallel with the first power 
source 26 is the input terminal of a second power 

25 source 27 also in the form of a power amplifier. 
The exciting coils 16 and 10 are combined in series 
and connected to the second power source 27, 
while the exciting coils 17 and 19, also connected 
in series, are connected to the first power source 

30 26. The detecting coils 20 and 21 and the correct- 
ing coils 22 and 23 are connected to a CPU 40 
respectively through rectifiers 28, 29, 30 and 31, 
filters 32, 33, 34 and 35 each formed of a resistor 
and a capacitor, and AD converters 36, 37, 38 and 

35 39. 

A power source cut-off signal line 41 for cutting 
off the outputs of the two power sources 26 and 27 
is connected, together with an DA converter 42. to 
the CPU 40. Also connected to the CPU 40 are 

40 power source controlling signal tines 43 and 44 for 
adjusting the amplification factors of the power 
amplifiers constituting the two power sources 26 
and 27 to control their outputs. The numerals 45 
and 46 denote DA converters placed in the signal 

45 tines 43 and 44. The numeral 47 denotes a refer- 
ence value setting device adapted to transfer a 
reference value Es digitally set or software-wise set 
to the CPU 40. Further, the CPU 40 has a timing 
circuit 48 connected thereto to set the operation 

so timing for the present circuit. The numeral 49 de- 
notes an output terminal of a torque signal. The 
numerals 50, 51 and 52 denote manual switches 
used to correct various errors, as will be later 
described, irrespectively of the operation timing for 

55 the present circuit. 

The operation based on the above arrangement 
will now be described. When the power sources 26 
and 27 are turned on. output voltages appear in the 
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detecting coils 20 and 21 and the correcting coils 
22 and 23. said voltages taking values Vi, V 2 , Si. 
and S2 on the output side of the AD converters 37, 
38. 36 and 39. i.e.. the input side of the CPU 40. 
Further, these values are arithmetically processed 
in the CPU 40 to be converted into values Vi , V 2 
Si ' and S 2 \ 

When a torque acts on the shaft 11, the output 
voltages from the detecting coils 20 and 21, after 
passing through the AD converters, are V. and V 2 
shown in Fig. 3. These values Vi and V 2 are 
processed in the CPU 40, as will be later de- 
scribed, and thereby converted into values Vi and 
V 2 \ The difference (V/ - V 2 ') is multiplied by a 
suitable value k, and the value k(\A - V 2 ) is 
outputted as a torque signal from the output termi- 
nal 49. Fig. 4 shows an example of a torque signal 
T based on the outputs V> and V 2 of Fig. 3. 

Errors due to temperature changes and time- 
dependent changes are corrected as follows. 

First, the zero point adjustment is made. To 
this end, the outputs from the two power sources 
26 and 27 are cut off with predetermined timing, for 
example, once in every 1 minute, through the pow- 
er source cut-off signal line 41. Then, since the 
exciting voltages for the exciting coils 16, 17, 18 
and 19 become zero, the output voltages from the 
detecting coils 20 and 21 and the correcting coils 
22 and 23 become also zero. Therefore, if the 
outputs from the AD converters 36, 37, 38 and 39 
have values other than zero, for example, \A = ei , 
V 2 = €2. St = 5i and S 2 = <5 2 , then these errors 
are due to some causes, such as temperature drift 
in the electronic circuit. Thus, calibration is made 
by the CPU 40 through arithmetic operation so that 
V,' = V, - 61 V 2 ' = V 2 - 62. Si' = Si - 5i and S 2 ' 
= S 2 - 5 2 . When the arithmetic operation for the 
zero point correction is completed. V< = V 2 = 

51 = S 2 ' = 0. And with the timing which follows 
the completion of the zero point adjustment, new 
data v/ , V 2 ' , Si' and S 2 ' with the circuit errors 
et , 62. <5i and 5 2 corrected are obtained. 

With the next timing, the balance correction of 
the two detecting sections and the two correcting 
sections is made. The balance between the detect- 
ing coils 20 and 21 can be upset as the magnetic 
properties of the shaft are influenced by tempera- 
ture changes or by long-term alternate torque or as 
the temperature in the interior of the torque mea- 
suring device changes. When the balance between 
the detecting coils 20 and 21 is upset, the detected 
voltages Vi and V 2 are as shown in Fig. 5, and the 
torque signal T corresponding thereto changes 
from the normal state, as shown in Fig. 6; thus, this 
is corrected. 

The difference Si - S 2 ' between the calibrated 
data Si' and S 2 ' of the corrected voltages St and 

5 2 is calculated in the CPU 40. And a control 



signal is fed to the second power source 27 
through the power source control signal line 43 and 
the power source 27 is controlled so that Si - S 2 
= 0. Thereby, the exciting voltages for the series- 

5 connected exciting coils 16 and 18 are simulta- 
neously adjusted, the outputs Si and Vi are cor- 
rected, and the balance between Si and S 2 , that is, 
the balance between Vi and V 2 is simultaneously 
corrected. As a result, the diagrams shown in Figs. 

w 3 and 4 are corrected so that a state close to V: = 
Vi is established. 

Next, sensitivity correction is made. At the 
aforesaid stage where said balance correction is 
made, the crossing point A between the output 

15 lines for the two signals Vi and V 2 lies on the 
zero-torque line, as shown in Fig. 7. However, if the 
magnetic properties of the shaft change owing to 
temperature changes, the gradients of the output 
lines for the two signals v/ and V 2 ' (that is, 

20 sensitivity) change and so does the average level 
Em in Fig. 7, with Em changing to EM as shown in 
Fig. 8. As a result, the inclination of the torque 
signal line indicated by k(Vi -V 2 ) (see Fig. 4) 
changes and so does the measurement sensitivity. 

25 Thus, correction is effected to bring Em back 

to the predetermined value Em and restore the 
predetermined inclination to ensure that the sen- 
sitivity characteristic is constant. 

The sum of the two signals Vi + V 2 (which is 

30 twice the average value), is used as a detected 
value representing the average value. Control is 
effected to ensure that this value is equal to the set 
value Es inputted into the CPU 40 by the reference 
value setting device 47, that is. (Vt + V 2 ) - Es = 

35 0. Concretely, the first and second power r sources 
26 and 27 are adjusted by the power source con- 
trol signal line 44 so as to increase or decrease 
their output levels. Then the two power simulta- 
neously sources 26 and 27 increase or decrease in 

40 output level, and control is effected to ensure that 
Vi'+ V 2 ' is equal to Es without upsetting the 
balance between the two detecting sections. When 
the output levels of the two signals V? and V 2 are 
restored to the predetermined values in this man- 

45 ner, their angles of inclination are also restored to 
the predetermined values, as shown in broken lines 
in Fig. 8; thus, the sensitivity correction is com- 
pleted. 

The aforesaid zero point correction, balance 
50 correction and sensitivity correction are effected in 
this order with predetermined timing by the timing 
circuit 48. For example, with 1 cycle assumed to 
be 1 minute, the zero point correction is made in 
the first 50 milliseconds, followed by the balance 
55 correction in the next 50 milliseconds, and the 
sensitivity correction is made at ail times, that is. 
many times in the remaining time. Such cycle is 
performed repeatedly. During the zero point correc- 
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■ion ana balance correction, the torque signal at the 
end or the time of the preceding cycie is outputted 
from the terminal 49. 

!n adciticn to such automatic cyclic operation, 
mar.uai correction can be made on demand. 

For example, if the manual switch 50 for zero 
point correction is operated, the signal therefrom is 
taken nto the CPU 40 and during the time this 
switch ;s temg operated, the aforesaid zero point 
correcting operation is repeatedly performed. At 
this time, it is possible to inform the operator by a 
suitable method that the correcting operation is 
goirg on. When the switch operation is completed, 
the measured torque value k(V/ - V2 ) according 
to the data after correction is outputted. 

When the manual switch 51 for balance correc- 
tion is pressed, the aforesaid balance correcting 
operation is performed. Such manual operation is 
performed m the event that although there is no 
torque : oad, the balance in the detection state on 
both sides is upset so that the torque indication 
aces not become 0, as shown in Fig. 6. 

When the manual switch 52 for sensitivity cor- 
rection is used for manual correction, for example, 
■joon completion of manufacture of the present 
dsvice. the rated reference torque is applied to the 
shaft 1 1 as by a lever and a weight and the 
reference value setting device 47 is adjusted so 
■hat the indicated value coincides with the rated 
/alue. 

As described above, according to the present 
cevice. the temperature change, time-dependent 
change and zero point change of the torque output 
s-gnai can all be automatically corrected. Particu- 
larly. the sensitivity change and zero point change 
aue tc temperature change during torque loading 
can be automatically corrected. Further, the elec- 
tronical! 1 / crccessing circuit is very simple in that 
only the CPU 40 exists except for the AD convert- 
ers 36, 37. 33 and 39 and the DA converters 42, 45 
and 46. This is due to the fact that the automatic 
correction of various errors is made by software. 

Though not described in the above for the sake 
of simplicity, the zero point correction at the time 
of manufacture of the device is made in addition to 
the zero point correction associated with tempera- 
ture changes and time-dependent changes. This is 
made by operating the manual zero correction 
switch 50 with torque load on the shaft 1 1 re- 
moved, that is, with no torque when the first adjust- 
ment of the present device is made, and storing a 
torque inaication value Be from the torque output 
terminal 49 due to unbalance between the two 
detecing sections in a non-volatile memory in the 
CPU 40. And thereafter, actually, the torque indica- 
tion value 

k = ( \/.' - v 2 ') - Bo 
appears at the terminal 49. 



SECOND EMBODIMENT 

In Fig. 11, the outer peripheral surface of a 
torque transmitting shaft 1 1 is provided with a pair 

s of inclined, torque detecting magnetically an- 
isotropic regions 12 and 13 alone unlike the first 
embodiment 

In the vicinity of the shaft 1 1 , a correcting shaft 
55 free from torque is provided in a location where 

10 it is subjected to substantially the same environ- 
mental conditions including temperature. The outer 
peripheral surface of this correcting shaft 55 is 
provided with correcting magnetically anisotropic 
regions 56 and 57 inclined in opposite directions at 

75 an angle of 20-60 degrees, preferably 45 degrees 
with respect to the axis of the shaft 55, as in the 
case of the torque detecting magnetically an- 
isotropic regions 12 and 13 on the shaft 11. 

The magnetically anisotropic regions 12, 13, 56 

20 and 57 have exciting coils 16. 17. 18 and 19 
disposed around their respective outer peripheries. 
Further, disposed around the respective outer pe- 
ripheries of the exciting coils 16, 17, 18 and 19 are 
detecting coils 20 and 21 associated with the 

25 torque detecting magnetically anisotropic regions 
12 and 13 and correcting coils 22 and 23 asso- 
ciated with the correcting magnetically anisotropic 
regions 56 and 57. The numerals 24 and 54 denote 
cores made of soft magnetic material and providing 

30 a passage for the magnetic flux and utilized as a 
casing for accommodating the coils. The torque 
detecting section around the shaft 1 1 and the cor- 
recting section around the shaft 55 are manufac- 
tured so that they have substantially the same 

35 magnetic properties as by providing the mag- 
netically anisotropic regions with the same char- 
acteristics. 

Fig. 10 shows the entire arrangement of the 
present device including an electronic circuit. In 

40 this figure, the same members as those shown in 
Fig. 2 are indicated by the same reference nu- 
merals. In this case, however, the exciting coils 16 
and 10 are combined in series and connected to a 
first power source 26, while the exciting coils 19 

45 and 17 are also combined in series and connected 
to a second power source 27. 

According to this arrangement, as in the case 
of the first embodiment, zero point correction, bal- 
ance correction and sensitivity correction are made 

50 with the timing shown in Fig. 9. The details of 
these corrections are omitted as they are the same 
as in the first embodiment. The device is also the 
same in thatmanual switches 50, 51 and 52 are 
provided for making said corrections on demand. In 

55 this embodiment also, the torque indication value 
appearing at the torque output terminal 49 is shown 
in a simplified manner in Fig. 10. 

Fig. 12 shows a device having a modified shaft 
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55. In this modified example, the shaft 55 has no 
magnetically anisotropic region formed thereon. 
Even if the magnetically anisotropic region is omit- 
ted, there will be no trouble in practice unless the 
coincidence between the magnetic properties of 
the torque detecting section around the shaft 1 1 
and the correcting section around the shaft 55 is 
degraded. In other words, if changes in the mag- 
netic properties corresponding to temperature 
changes are substantially the same for both shafts 
1 1 and 55, then the omission of formation of mag- 
netically anisotropic region on the shaft 55 is al- 
lowed. 

Though not shown, a magnetically anisotropic 
region which extends parallel with the axis of the 
shaft 55 may be formed on the shaft 55, as in the 
case of the correcting magnetically anisotropic re- 
gions 14 and 15 shown in Fig, 1 . 



THIRD EMBODIMENT 

In Fig. 14, the outer peripheral surface of the 
torque transmitting shaft 1 1 is formed with a pair of 
torque detecting magnetically anisotropic regions 
12 and 13 aione, as in the second embodiment. 
Disposed around the respective outer peripheries 
of the magnetically anisotropic regions 12 and 13 
are exciting coils 16 and 17. Similarly, disposed 
around the respective outer peripheries of these 
exciting coils 16 and 17 are detecting coils 20 and 
21. 

Fig. 13 shows the detail of the entire device 
including an electronic circuit. -In the figure, the 
numeral 25 denotes an oscillator, and 26 and 27 
denotes first and second power sources, these 
being the same as in the first and second embodi- 
ments. The exciting coil 16 is connected to the 
second power source 27, while the exciting coil 17 
is connected to the first power source 26. The 
detecting coils 20 and 21 are connected to the 
CPU 40 respectively through rectifiers 29 and 30, 
filters 33 and 34, and AD converters 37 and 38. 

A power source cut-off signal line 41 for cutting 
out the outputs of the two power sources 26 and 27 
is connected to the CPU 40 together with a DA 
converter 42. 

Also connected to the CPU 40 are power 
source control signal lins 43 and 44 for adjusting 
the amplification factors of power amplifiers con- 
stituting said two power sources 26 and 27 to 
adjust their outputs. The numerals 45 and 46 de- 
note DA converters places in the signal lines 43 
and 44. The numeral 47 denotes a reference value 
setting device which inputs into the CPU 40 a 
reference value Es which is set digitally or in a 
software manner using memory. Also connected to 
the CPU 40 is a timing circuit 48 which generates 
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operation timing for the present circuit. The nu- 
meral 49 denotes an output terminal for torque 
signals. The numerals 50. 51 and 52 denote man- 
ual switches. 

5 The operation based on the above arrangement 

will now be described. The operation is the same 
as in the first and second embodiments described 
above in that when torque acts on the shaft 1 1 , a 
torque indication value k(Vi - V 2 ) appears at the 

to torque terminal 49. In this case also, for the sake of 
simplicity, a description of the zero point correction 
on the basis of the balance adjustment of the two 
detecting sections at the time of manufacture of the 
device is omitted. 

ts Among the corrections of errors due to tem- 

perature changes and time-dependent changes, the 
zero point correction and sensitivity correction are 
the same as in the first and second embodiments; 
therefore, a description thereof is omitted. 

20 Therefore, the balance correction of the two 

detecting sections will be described in detail. 

At this time, in the CPU 40, a decision is made 
on whether the torque load is 0 or in the vicinity of 
0. This is effected by the CPU 40 comparing the 

25 value of the torque signal k(Vi - V2 ) with the 
reference value. For example, 1 % ^ of the raed 
torque signal k(Vi - V 2 ) is set as the reference 
value E 0 and balance correction is made possible 
when the value of the torque signal k(V< - V 2 ) is 

30 less than the reference value. And a control signal 
is fed to the second power source 27 via a power 
source control signal line 43 to adjust the power 
source 27 so that Vi ' - V 2 ' = 0; thus, the-balance 
between Vi' and V 2 ' corrected. As a result, the 

35 graphs in which the balance is upset as shown in 
Figs. 5 and 6 are corrected to the graphs shown in 
Figs. 3 and 4, as in the case of the* first embodi- 
ment. 

The reason why the balance correction should 

40 be made only when the value of the torque signal 
k(\A - V 2 ) is 0 or less than 1% of the rated torque 
is that when torque is acting on the shaft 11, since 
torque component are included in the signals Vi 
and V 2 (see Figs. 3-6), the balance correction 

45 cannot be made. The reason for less than 1% of 
the rated torque is that normaily when any torque 
is imposed on the shaft 11, a torque signal of 
above at least a certain level should naturally be 
outputted in view of mechanical efficiency; it may 

50 safely be said that within the range of 1%, there is 
substantially no torque. When the value of the 
torque signal k(V/ - V 2 ) is above 1% of the rated 
torque, no balance correction will be made. 

The aforesaid zero point correction, sensitivity 

55 correction and balance correction are made in the 
same manner as in the first and second embodi- 
ments according to the timing shown in Fig. 9. The 
arrangement is also the same in that manual 
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switches 50. 51 and 52 are provided for making 
said corrections according to the need. 

FOURTH EMBODIMENT 

in F.q. 16, the outer peripheral surface of a 
shaft 1 1 is provided with a torque detecting mag- 
netically anisotropic region 12 forming an angle 
with aspect to the axis of the shaft 11, and a 
correcting magnetically anisotropic region 14 which 
is located in the vicinity of said detecting mag- 
netically anisotropic region 12 and extending par- 
allel with the axis. Exciting coils 16 and 17 are 
discosec around the magnetically anisotropic re- 
gions 12 and 14. Further, disposed around the 
outer peripheries of the exciting coils 16 and 17 are 
a detecting coil 20 corresponding to the torque 
detecting magnetically anisotropic region 12 and a 
correcting ceil 22 corresponding to the correcting 
magneticaiiy anisotropic region 14. The numeral 24 
denotes a core. 

Fg. 15 shows the entire arrangement of the 
present device including an electronic circuit. In 
this figure, the numeral 25 denotes an oscillator, 
and 26 denotes an AC power source. The exciting 
coils 16 and 17 are combined in series and con- 
nected to the power source 26. The detecting coil 
20 and correcting coil 22 are connected to the CPU 
4G respectively through rectifiers 29 and 20, filters 
33 and 32. and AD converters 37 and 36. A power 
source cut-off signal line 41 for cutting off the 
output of the power source 26 is connected to the 
GPU *0 together with an DA converter 42. Further, 
a power source control signal line 44 for controlling 
the output of the power source 26 is connected to 
the CPU 40 through a DA converter 42. The nu- 
meral 47 denotes a timing circuit; 49 denotes an 
output terminal for torque signals; and 50 and 52 
denote manual switches. 

The operation based on the above arrangement 
.vill row be described. When the power is turned 
on. output voltages appear at the detecting coil 20 
and correcting coit 22, said voltages having values 
7 and S at the respective output sides of the AD 
converters 36 and 37, i.e., at the input side of the 
CPU 40. 

With respect to these values V and S, as in the 
case of the first through third embodiments, with 
the output of the power source 26 turned off, zero 
point correction is made and these values are 
arithmetically processed to provide values V and 
S'. 

!n this condition, however, the indication value 
k<V-* - 7: ) obtained after re-throwing (returning) 
the power source 26 does not necessarily indicate 
zero, even if there is no torque. The reason is that 
the detecting and correcting sections are not nec- 



essarily magnetically balanced. Thus, when it is 
known that there is no torque (as when the present 
device is adjusted for the first time or the shaft 1 1 
is not being driven), the manual switch 50 for 
5 manual zero point adjustment is operated. There- 
upon, a signal from the switch 50 is taken into the 
CPU 40, where the torque indication value B at the 
terminal 49 is subtracted from said indication value 
k(Vi' - 7 2 ) to make th output from the terminal 49 
w zero. This value B is stored in the CPU 40 until the 
next manual correction is made. Thereafter, the 
value k(Vi' - 7a) - B is used as the indication 
value. Such processing corresponds to the 
"balance correction" in the first through third em- 
15 bodiments in that the operation is manual. 

Next, sensitivity correction is made. If the char- 
acteristics of the device change owing to tempera- 
ture changes or the like, the signals 7 and S* 
vertically displace as indicated by two-dot-and- 
20 dash lines in Fig. 17 (the zero point correction 
value B being omitted), and the gradient of the 
calibrated value 7' based on the signal from the 
detecting coil 20 also changes. As a result, the 
angle of inclination of the torque signal T indicated 
25 by k(V' - s') changes. 

Thus, by increasing or decreasing the level of 
the output from the power source 26 by the power 
source control signal line 44 while simultaneously 
increasing or decreasing the exciting voltages for 
30 the exciting coils 16 and 17, control is effected so 
that the calibrated value s' based on the signal 
from the correcting coil 22 is equal to the set value 
Es inputted into the CPU 40 by the reference value 
setting device 47. that is. so that S - Es = 0. 
35 Thereby, the values 7' and S' shown in two-dot- 
and-dash lines in Fig. 17 are corrected to the 
values shown in solid lines, with the gradient of the 
calibrated value 7' restored to the predetermined 
state; thus, the torque measuring sensitivity is cor- 
40 rected. 

Since the correcting magnetically anisotropic 
region 14 is formed to extend parallel with the axis 
of the shaft 11, the calibrated value S based on 
the output of the correcting coil 22 is constant as 
45 shown in Fig. 17 irrespectively of the amount of the 
torque. Therefore, the torque measuring sensitivity 
can be corrected irrespectively of the presence or 
absence and the amount of the torque. 

Fig. 18 shows an operation timing for the cir- 
50 cuit shown in Fig. 15, said timing being similar to 
the one shown in Fig. 9. However, only the zero 
point correction and sensitivity correction are auto- 
matically made by the CPU 40, as described 
above. 

55 in the case where manual correction is to be 

made by using the manual switch 52 for sensitivity 
correction, this can be made by applying the rated 
torque to the shaft 11 by a lever and a weight and 
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adjusting the reference value setting device 47 so 
that the prevailing indication value is equal to the 
rated value. 

Then electronic circuit described in the preced- 
ing embodiments may be used with some of the 
functions of said circuit omitted. For example, only 
the circuit for controlling the zero point, the circuit 
for controlling the sensitivity or the circuit for con- 
trolling the balance may be utilized. These circuits 
are suitable where it is desired to control only 
changes in the zero point with high accuracy, 
where it is desired to control the sensitivity with 
high accuracy though allowing coarse control of the 
zero point, or in other cases. Such arrangement is 
advantageous in that the control circuit and control 
process can be simplified. An analogue electronic 
circuit which does not contain CPU can also be 
utilized. 



Claims 

1. A device for measuring torque acting on a 
shaft, comprising: 

torque detecting means having first and second 
torque detecting magnetically anisotropic regions 
formed on the outer peripheral surface of a torque 
transmitting shaft and provided with magnetic an- 
isotropy such that the regions are inclined in op- 
posite directions to form angles with respect to the 
axis of rotation of said shaft, and first and second 
detecting coils capable of detecting changes in 
permeability in the torque detecting magnetically 
anisotropic regions, and 

correcting means having first and second correct- 
ing magnetically anisotropic regions, with magnetic 
anisotropy imparted thereto in a direction parallel 
with the axis of rotation of said shaft, formed on the 
outer peripheral surface of said shaft in the vicinity 
of said first and second torque detecting mag- 
netically anisotropic regions, and first and second 
correcting coils capable of detecting changes in 
permeability in the correcting magnetically an- 
isotropic regions. 

2. A device as set forth in Claim 1 , including: 
exciting coils provided for respective detecting 
coils and correcting coils, 

wherein the exciting coil for the first detecting coil 
and the exciting coil for the first correcting coil 
being combined in series and connected to a first 
AC power source, and 

wherein the exciting coil for the second detecting 
coil and the exciting coil for the second correcting 
coil being combined in series and connected to a 
second AC power source. 

3. A device as set forth in Claim 2, including: 
means for cutting off the outputs of the first and 
second power sources with suitable timing during 
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torque measurement, 

means for finding measured values provided by the 
first and second detecting coils and first and sec- 
ond correcting coils when said power sources are 

5 cut off, and 

means for calibrating measured data by subtracting 
the readings in the two detecting coils and two 
correcting coils when said AC power sources are 
cut off from the measured values provided by said 

io coils when the cut-off of said AC powpr sources is 
canceled. 

4. A device as set forth in Claim 3, including 
means for controlling one of the AC power sources 
so that calibrated values of the measured data 

;5 provided by the two correcting coils are equal. 

5. A device as set forth in Claim 3, including 
means for controlling the two AC power sources so 
that the sum of the calibrated values of the mea- 
sured data provided by the two detecting coils is a 

20 constant reference value. 

6. A device as set forth in Claim 5, including 
means which, with constant timing, allows one of 
the following processes to be executed or two or 
more thereof to be serially executed: 

25 the process for calibrating the measured data pro- 
vided by the two detecting coils and two correcting 
coils, 

the process for controlling one of the power sour- 
ces so that the calibrated values of the measured 
30 data provided by the two correcting coils are equal, 
and 

the process for controlling at least one of the power 
sources so that the sum of the calibrated values of 
the measured data provided by the two detecting 
35 coils is a constant reference value. 

7. A device as set forth in Claim 6, including 
means which makes it possible to execute at least 
one of said three processes to be executed man- 
ually at any time irrespectively of the constant 

40 timing. 

8. A device for measuring torque acting on a 
shaft, comprising: 

torque detecting means having first and second 
torque detecting magnetically anisotropic regions 

45 formed on the outer peripheral surface of a torque 
transmitting shaft and provided with magnetic an- 
isotropy such that the regions are inclined in op- 
posite directions to form angles with respect to the 
axis of rotation of said shaft, and first and second 

so detecting coils capable of detecting changes in 
permeability in the torque detecting magnetically 
anisotropic regions, and 

correcting means having a correcting shaft sepa- 
rate from said torque transmitting shaft and free 
55 from load, and first and second correcting coils 
installed around the correcting shaft, 
wherein said correcting means having substantially 
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the same magnetic properties as said torque de- 
tecting means and installed in the vicinity of said 
torque detecting means. 

9. A device as set forth in Claim 8, wherein: 
the correcting shaft has first and second correcting 
magnetically anisotropic regions on outer periph- 
eral surface thereof which are inclined in opposite 
cirections to form angles with respect to the axis of 
said correcting shaft, and 

the first and second correcting coils are installed 
along :he periphery of said first and second mag- 
netically anisotropic regions. 

10- A device as set forth in Claim 8, wherein 
the correcting means is installed in a place where 
the temperature and other environmental conditions 
are suostantially the same as those for the torque 
detecting section. 

11 . A device as set forth in Claim 8, including: 
e/c:tirg :oits provided for respective detecting 
coils ana correcting coils, 

//herein the exciting coil for the first detecting coil 
and the exciting coil for the first correcting coil 
being combined in series and connected to a first 
AC power source, and 

■//herein [he exciting coil for the second detecting 
coil ana the exciting coil for the second correcting 
coil being combined in series and connected to a 
second AC power source. 

12. A device as set forth in Claim 1 1 , including: 
means for cutting off the outputs of the first and 
second cower sources with suitable timing during 
torque measurement, 

means - : cr finding measured values provided by the 
first and second detecting coils and first and sec- 
ond correcting coils when said power sources are 

cut off. and 

means for calibrating measured data by subtracting 
the readings in the two detecting coils and two 
correcting coils when said AC power sources are 
cut cf f from the measured values provided by said 
coils //hen the cut-off of said AC power sources is 
ca nee tec. 

13. A device as set forth in Claim 12, including 
means for controlling one of the power sources so 
that the calibrated values of the measured data 
provided by the two correcting coils are equal. 

14. A device as set forth in Claim 12, including 
means for controlling the two power sources so 
that the sum of the calibrated values of the mea- 
sured data provided by the two detecting coils is a 
constant reference value. 

15. A device as set forth in Claim 14, including 
means //hich. with constant timing, allows one of 
the following processes to be executed or two or 
more thereof to be serially executed: 

the process for calibrating the measured data pro- 
vided by the two detecting coils, 
the process for controlling one of the power sour- 



ces so that the calibrated values of the measured 
data provided by the two correcting coils are equal, 
and 

the process for controlling the two power sources 
5 so that the sum of the measured data provided by 
the two detecting coils is a constant reference 
value. 

16. A device as set forth in Claim 15, including 
means which makes it possible to execute at least 

70 one of said three processes to be executed man- 
ually at any time irrespectively of the constant 
timing. 

17. A device for measuring torque acting on a 
shaft, comprising: 

J5 first and second magnetically anisotropic regions 
formed on the outer peripheral surface of a torque 
transmitting shaft and provided with magnetic an- 
isotropy such that the regions are inclined in op- 
posite directions to form angles with respect to the 

20 axis of rotation of said shaft, 

first and second detecting coils capable of detect- 
ing changes in permeability in said magnetically 
anisotropic regions, and 

control means ensuring that the detection signal 
25 values from the two detecting coils when no torque 
acts on said shaft are equal to each other. 

18. A device as set forth in Claim 17, including: 
first and second exciting coils associated with the 
first and second detecting coils, 

30 wherein said first and second exciting coils being 
connected to first and second AC power sources, 
respectively. 

19. A device as set forth in Claim 18, wherein 
the control means is capable of controlling one of 

35 the power sources so that the detected signal 
values provided by the two detecting coils are 
equal. 

20. A device as set forth in Claim 18. including: 
means for cutting off the outputs of the first and 

40 second power sources with suitable timing during 
torque measurement, 

means for finding measured values provided by the 
first and second detecting coils when said power 
sources are cut off. and 

45 means for calibrating measured data provided by 
subtracting the readings in the two detecting coils 
when said power sources are cut off from the 
measured values provided by the two detecting 
coils when the cut-off of said power sources is 

so canceled. 

21. A device as set forth in Claim 20, wherein 
the control means is constructed to effect control 
so that the measured data provided by the two 
detecting coils as detection signals provided by the 

55 two detecting coils are equal. 

22. A device as set forth in Claim 21. including 
means for controlling the two power sources so 
that irrespectively of the presence or absence of 
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torque acting on the shaft, the sum of the cali- 
brated values of the measured data provided by 
the two detecting coils are equaL 

23. A device as set forth in Claim 22, including 
means which, with constant timing, allows one of 
the following processes to be executed or two or 
more thereof to be serially executed: 

the process for calibrating the measured data pro- 
vided by the two detecting coils, 
the process for controlling one of the power sour- 
ces so that the calibrated values of the measured 
data provided by the two correcting coils when no 
torque is acting on the shaft are equal, and 
the process for controlling the two power sources 
so that the sum of the calibrated values of the 
measured data provided by the two detecting coils 
is a constant reference value irrespectively of the 
presence or absence of torque in the shaft. 

24. A device as set forth in Claim 23, including 
means which makes it possible to execute at least 
one of said three processes to be executed man- 
ually at any time irrespectively of the constant 
timing. 

25. A device as set forth in Claim 17, wherein 
the control means is capable of controlling to en- 
sure that when the decision is that the output 
torque value is zero or in the vicinity of zero and 
that substantially no torque is acting, the detected 
signal values provided by the two detecting coils 
are equal. 

. — 26. A device for measuring torque acting on a 
shaft, comprising: 

a torque detecting magnetically anisotropic region 
formed on the outer peripheral surface of a torque 
transmitting shaft and provided with magnetic an- 
isotropy such that the region is inclined to form an 
angle with respect to the axis of rotation of said 
torque transmitting shaft, 

a correcting magnetically anisotropic region formed 
on the outer peripheral surface of the shaft in the 
vicinity of the torque detecting magnetically an- 
isotropic region and provided with magnetic an- 
isotropy in a direction parallel with the axis of 
rotation of the shaft, 

a detecting coil and a correcting coil installed along 
the peripheries of said torque detecting magnetical- 
ly anisotropic region and said correcting mag- 
netically anisotropic region, respectively, and 
means for correcting the exciting voltage applied to 
said correcting coii to ensure that the measured 
data provided by said correcting coil is equal to a 
constant reference value and for controlling the 
exciting voltage applied to said detecting coil cor- 
respondingly to the control of said exciting voltage 
for the correcting coil. 

27. A device a set forth in Claim 26, including a 
detection-purpose exciting coil associated with the 
detecting coil and a correction-purpose exciting coil 



associated with the correcting coil, said detection- 
and correction-purpose exciting coils being com- 
bined in series and connected to a power source. 

28. A device as set forth in Claim 27. including: 
s means for cutting off the output of the power 

source with suitable timing during torque measure- 
ment, 

means for finding the measured data provided by 
the detecting and correcting coils when said power 

w source output is cut off, and 

means for calibrating data by subtracting the mea- 
sured data provided by the detecting and correct- 
ing coils when said power sources is cut off form 
the measured data provided by said detecting and 

75 correcting coils when the cutoff of said power 
source is canceled. 

29. A device as set forth in Claim 28, wherein 
the control means is constructed to effect control 
so that the calibrated value of the measured data 

20 provided by the correcting coil is equal to the 
reference value. 

30. A device as set forth in Claim 29, including 
means whereby the process for calibrating the 
measured data provided by the detecting "and cor- 

25 recting coils and the process for controlling the 
power source so that the calibrated value of the 
measured data provided by the correcting coil are 
executed with constant timing. 

31. A device as set forth in Claim 30. including 
30 means which makes it possible to execute one of 

the two processes to be executed manually at any 
time irrespectively of the constant timing. 
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